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(54) Dynamic finger allocation for rake receiver 

(57) There is disclosed a method of de-spreading 
signals in a spread-spectrum communication system, 
comprising: providing a bank of rake fingers; and dy- 
namically allocating at least one of the bank of rake fin- 
gers to de-spread a received signal. The number of rake 



fingers dynamically allocated is determined by the 
number of multi-paths associated with the received sig- 
nal. A plurality of signals are received in different chan- 
nels, wherein at least one of the bank of rake fingers is 
allocated to de-spread each received signal. 
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Description 

Filed of the Invention 

[0001] The present invention relates to spread-spec- 
trum communication systems, and particularly to a tech- 
nique for de-spreading signals in such systems. 

Background to the Invention 

[0002] The rake receiver is unique to code division 
multiple access (CDMA). In CDMA each user is as- 
signed a unique spreading code with minimal cross-cor- 
relation with respect to other codes as well as minimal 
auto-correlation with respect to time-shifted versions of 
itself. Consequently a separate rake finger or correlator 
can be assigned to each multi-path component resulting 
from transmission in a time dispersive channel. Assign- 
ing individual rake fingers to different shifts in time for a 
single received signal is known as micro-diversity. The 
fingers of a rake receiver may also be assigned to sep- 
arate diversity channels as in the case of more than one 
antenna at the receiver. The rake receiver then com- 
bines multi-path components from more than one inde- 
pendently fading channel. 

[0003] To extend this concept one step further, the two 
diversity antennas may be located in entirely different 
sectors. In such a scenario, the two diversity channels 
experience independent fast-fading: shadowing and 
propagation loss are independent. This type of diversity 
is referred to as macro-diversity. Soft hand-over be- 
tween sectors is achieved through macro-diversity. 
[0004] In the up-link, each transmitter has a unique 
long code to reduce the interference among different 
mobiles at the base station receiver handling the same 
call. Channelisation codes are also used, but only to dis- 
tinguish separate multi-code channels used by a single 
mobile. 

[0005] From the perspective of the receiver, during 
micro-diversity a rake receiver is able to use the same 
code in all correlator fingers. However, the signal is re- 
ceived over a set of sectors in one or several cells. Two 
different cells must use two different rake receivers to 
process the two diversity signals. 
[0006] It is therefore an object of the present invention 
to provide a technique in which an efficient an efficient 
implementation of resources in a rake receiver is pro- 
vided. 

Summary of the Invention 

[0007] According to one aspect of the present inven- 
tion there is provided a method of de-spreading signals 
in a spread-spectrum communication system, compris- 
ing: providing a bank of rake fingers; and dynamically 
allocating at least one of the bank of rake fingers to de- 
spread a received signal. 

[0008] The number of rake fingers dynamically allo- 



cated may be determined by the number of multi-paths 
associated with the received signal. 
[0009] A plurality of signals may be received in differ- 
ent channels, wherein at least one of the bank of rake 

5 fingers is allocated to de-spread each received signal. 
[0010] The number of rake fingers dynamically allo- 
cated for each received signal may be determined by 
the number of multi-paths associated with each respec- 
tive received signal. 

10 [0011] The demodulated received signals may be 
routed for further processing associated with a particular 
transmitter. 

[0012] Spread-spectrum signals may be received in 
a plurality of channels, the method further comprising 
15 the step of routing the de-spread received signal in each 
channel for further processing. 

[0013] According to another aspect of the present in- 
vention there is provided a receiver in a spread-spec- 
trum communication system comprising: a bank of rake 
20 fingers; and control means for dynamically allocating at 
least one of the bank of rake fingers to de-spread a re- 
ceived signal. 

[0014] The control means may allocate rake fingers 
dynamically in accordance with the number of multi- 

25 paths associated with the received signal. 

[0015] The receiver may include input means for re- 
ceiving a plurality of signals in different channels, where- 
in at least one of the bank of rake fingers is allocated to 
de-spread each received signal. 

30 [0016] The number of rake fingers dynamically allo- 
cated for each received signal may be determined by 
the control means in dependence on the number of mul- 
ti-paths associated with each received signal. 
[001 7] The invention will now be described by way of 

35 example with reference to the accompanying drawings 
in which :- 

Brief Description of the Figures 
40 [0018] 

Figures 1 (a) and 1 (b) illustrate examples of scenar- 
ios in which the present invention may be imple- 
mented; 



45 



50 



55 



Figure 2 illustrates a prior art implementation of a 
distribution bus in a spread-spectrum mobile com- 
munication system; 

Figure 3 illustrates schematically an implementa- 
tion according to the present invention of dynamic 
finger allocation in a rake receiver; 

Figures 4(a) and 4(b) illustrate an example imple- 
mentation of the router/combiner of Figure 3; 

Figure 5 illustrates schematically an implementa- 
tion according to a preferred embodiment of a dis- 
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tribution bus in a spread-spectrum mobile commu- 
nication system; 

Figures 6 illustrates an example implementation of 
the distribution bus of Figure 5; and 

Figure 7 illustrates an alternative example imple- 
mentation of the distribution bus of Figure 5. 

Description of Preferred Embodiment 

[0019] The invention will be described by way of ex- 
ample with reference to a particular advantageous im- 
plementation. It will be understood that the invention is 
not limited to such an implementation, and may have 
applicability beyond the example given herein. Where 
appropriate modifications to, or alternative applications 
for, the invention are discussed herein. Similarly the in- 
vention is not limited to the specific dimensions of the 
system set forth in the example implementations. 
[0020] The invention is described herein by way of ex- 
ample with specific reference to a spread-spectrum mo- 
bile communications system employing rake receivers 
for de-spreading in the receiver. The invention is partic- 
ularly described by way of reference to a macro -diversity 
system in the up-link transmission from mobile station 
(s) to base station. 

[0021] Referring to Figures 1 (a) and 1 (b) there are il- 
lustrated two example scenarios in which the invention 
may be advantageously utilised. 

[0022] Figure 1 (a) illustrates a macro-cell, generally 
designated by reference numeral 14, split into a six sec- 
tor micro-cellular structure. Each of the six sectors is 
designated by a reference numeral 2. Each sector 2 has 
two antennas designated by reference numeral 4. In this 
environment it is assumed that each of the twelve an- 
tennas 4 is a directional antenna mounted on or near a 
common base station. The information received on each 
of the twelve antennas is therefore processed in the 
common base station. 

[0023] On the assumption there is only one possible 
carrier frequency, there are 12 channels in this system 
(6 sectors x 2 antennas per sector x 1 carrier frequency). 
[0024] Referring to Figure 1 (b) there is illustrated a 
second scenario in which the present invention may be 
advantageously utilised. In this scenario in a distributed 
single cell abase station 6 is connected via connections 
1 0 to a plurality of base transceiver stations 8, each hav- 
ing at least one antenna 12. The base transceiver sta- 
tion processes the signals received in each of the base 
stations 8. In the example of Figure 1 (b) each of the base 
stations 8 may be spaced from the base transceiver sta- 
tion 6 by a distance of anywhere up to several km. 
[0025] It will be understood by one skilled in the art 
that the example scenarios illustrated in Figures 1(a) 
and 1 (b) are not mutually exclusive, and other scenarios 
may reflect a combination of the two. Still further, the 
present invention may be extended to scenarios other 



than those specifically discussed herein, and the skilled 
person will recognise the general applicability of the in- 
vention. 

[0026] The invention is described hereinbelow with 
s reference to the example scenario of Figure 1(a). Al- 
though in the following description the scenario is de- 
scribed with reference to particular numbers (e.g. six 
sectors, two antennas per sector, one carrier frequency) 
it will be appreciated that these numbers are referred to 
10 for illustrative purposes only, and the invention is not lim- 
ited to such numbers. 

[0027] In order to understand the invention, a descrip- 
tion is first given hereinbelow of a prior art arrangement. 
Referring to Figure 2, there is illustrated one known ar- 
*5 rangement for the implementation of a receiver in a base 
station such as that which supports the structure of Fig- 
ure 1 (a). 

[0028] The signal detected at each antenna 4 is pro- 
vided on a signal line 22 to the front-end processing cir- 
20 cuitry 20 in the particular sector 26 associated with the 
respective antenna. The front-end processing circuitry 
20 provides on signal lines 24 the respective front-end 
processed received signal. Thus, in the present exam- 
ple, twelve signals, corresponding to the twelve chan- 
ts nels of the scenario of Figure 1 (a), are presented on the 
twelve signal lines 24 to the distribution bus generally 
designated by reference numeral 28. N signal lines 30 
on the right hand side of the distribution bus 28 can be 
considered to be the outputs of the distribution bus 28. 
30 Each of the N signal lines 30 carry information for one 
of the N users of the system. The system users are call- 
ers, and may be more generally referred to as transmit- 
ters. 

[0029] Each of the N transmitters or callers is associ- 
35 ated with one of N transmitter decoding blocks, gener- 
ally designated by numeral 54 in Figure 2. Only one of 
the N transmitter decoding blocks 54 is shown in Figure 
2 for reasons of clarity. The transmitter decoding block 
is connected to one of the N outputs 30! to 30 N of the 
40 distribution bus. It will be appreciated that all the other 
N outputs 30 of the distribution bus will be connected to 
a respective transmitter decoding block 54. 
[0030] Each transmitter decoding block 54 extracts, 
at v a given instant in time, from the one of the N signal 
45 lines 30 to which it is connected information associated 
with one of the N users. 

[0031] The distribution bus 28 presents on each of the 
N outputs 30 the twelve signals present on lines 24 at 
the input of the distribution bus. Thus, in this example, 

50 each of the outputs 30 of the distribution bus contains 
information from the twelve signal lines. 
[0032] The twelve signal lines on line 30 are present- 
ed to the select block 36 of the transmitter decoding 
block 54. Each of the transmitter decoding blocks 54 is 

55 associated with a particular one of the N users. The con- 
trol circuit 24 controls each of the N select blocks 36 to 
ensure that the signals on the lines 30 associated with 
a particular transmitter or caller are selected. The par- 
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ticular signals on the lines 30 selected are those asso- 
ciated with the call which the block 54 is currently 
processing. The selected signals are presented on the 
output of the select block on line 38. The base station 
controls the operation of the control circuit 24 such that 
the transmitter decoding block 54 processes the signals 
which are the strongest on the corresponding line 30. 
[0033] The signals on line 30 associated with the par- 
ticular user are thus output on lines 38 at the output of 
the select block 36. 

[0034] The signals on line 40 are then presented to a 
block of rake fingers 40. The number of rake fingers pro- 
vided in the block of rake fingers will vary according to 
the requirements of the implementation, and for the pur- 
poses of this example there are assumed to be eight 
fingers in the rake finger block 40. 
[0035] The outputs of the rake finger block, in this ex- 
ample eight signals, are provided on lines 42 to the CEC 
block 44, which has a number of CECs corresponding 
to the number of rake fingers. In this example, the eight 
outputs of the CEC block 44 are presented on lines 46 
to the combiner 48, 

[0036] The combinercombines the elements or multi- 
paths associated with the particular transmitter or caller 
being decoded in the transmitter decoding block 54, and 
presents a single output representing the recovered 
transmitted signal on line 50. The signal on line 50 is 
then presented to the processing block 52 for further 
standard processing in accordance with the art. The 
processing block 52 performs other processing associ- 
ated with decoding in higher layers. 
[0037] It should be noted that in the arrangement of 
Figure 2 there will be provided some searching and ac- 
quisition means for tracking the initial received signal, 
and information obtained form such tracking is utilised 
by the de-spreading circuitry of Figure 2. Such search- 
ing and acquisition means is not shown in Figure 2 as it 
is outside the scope of the present invention, and its im- 
plementation is well-known in the art. 
[0038] The arrangement of Figure 2 requires the pro- 
vision of a large number of rake fingers. As discussed 
hereinabove each block 40 includes a plurality of rake 
fingers, the number of which is fixed. Thus in implement- 
ing the arrangement of Figure 2 the designer needs to 
allocated a number of rake fingers based on an estimate 
of the demand during operation. In the example above 
it is mentioned that each block 40 includes 8 rake fin- 
gers. However at times only two or four of these fingers 
may be utilised, and at times it may be preferable for a 
greater number of fingers, e.g. sixteen to be provided. 
[0039] In accordance with the present invention Fig- 
ure 3 illustrates an advantageous implementation of a 
rake finger arrangement in a spread spectrum system 
which optimises system performance. In Figure 3 like 
reference numerals are used to illustrate elements 
which correspond to those shown in Figure 2. It is as- 
sumed that the elements on the left hand side of the dis- 
tribution bus 28 in Figure 3 are the same as in Figure 2. 



[0040] In the arrangement of Figure 3, the distribution 
bus has M outputs 30 1 to 30 M . Each of the M output lines 
30 of the distribution bus 28 is connected to form an in- 
put to one on M select blocks 36 n to 36 M . The Me select 

5 blocks are controlled by control circuit 24 via lines 
32.The M select blocks 36 1 to 36 M each generate an 
output on a respective output line 150 1 to 150 M . 
[0041] Each of the select blocks 36 1 to 36 M , and con- 
sequently each of the outputs 1 50 1 to 1 50 M , is provides 

10 an input to a respective rake finger 152 1 t edesignated 
by reference numeral 1 60. The bank of rake fingers 1 60 
replace, in accordance with the present invention, the N 
blocks of rake fingers 40 shown in Figure 2. 
[0042] Each rake finger 1 52 1 to 1 52 M provides an out- 

15 put on a respective line 1 54-, to 1 54 M to a corresponding 
channel estimation and correction (CEC) unit 156 1 to 
156 M . The CEC units 156., to 156 M comprise a CEC 
block generally designated by reference numeral 162. 
Each CEC unit 156 1 to 156 M generates an output on a 
20 respective line 158 1 to 158 M to a router/combiner 164. 
[0043] The router/combiner is controlled by a control 
circuit 1 66 via control lines 1 68 to provide output signals 
on a K plurality of output lines 50 1 to 50 K . The operation 
of the router/combiner will be described further herein - 
25 below with reference to Figure 4. The outputs from the 
router/combiner on lines 50 1 to 50 N form inputs to a re- 
spective processing block 52 1 to 52 N for further process- 
ing in the receiver. 

[0044] In accordance with the invention, each select 
so block 36 1 to 36 M is controlled by the control circuit 24 to 
select the appropriate source (i.e. channel) from the dis- 
tribution bus 28. The same source can be used by any 
number of fingers in the bank of fingers 160. Thus the 
processing for a particular call or transmitter may use, 
35 for example, fingers 3,6,11 ,15,1 7 from the bank of fin- 
gers 160. 

[0045] The allocation of fingers in the bank 160 is, in 
accordance with the present invention, dynamic. Any 
number of fingers can be added to improve perform- 
ance, assuming that there are additional fingers in the 
bank 160 available. Thus the dimensioning is on a sta- 
tistical basis where the bigger the pool the lower the 
probability of blocking (i.e. not getting a finger when re- 
questing it) for a given finger request. The principle ad- 
45 vantage is that, as the number of fingers used may a 
call can vary, the pool of fingers in the bank 1 60 can be 
dimensioned to have the average for the maximum 
number of calls. Generally the number of fingers re- 
quired for each call will vary from between two and ten, 
so with an average of four. In practice, the dimensioning of 
the bank of rake fingers 1 60 will allow will provide access 
to many more rake fingers than the average. This en- 
sures that the inventive arrangement provides either 
performance improvement (e.g. over four fingers stati- 
cs cally assigned) or a reduced resource relative to the dy- 
namic average number of fingers. The bigger the pool, 
the more efficient the method. 

[0046] The dimension N is the number of calls that the 
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system is dimensioned to receive. The dimension M is 
the total number of fingers provided in the system of Fig- 
ure 3. Hence in the prior art arrangement of Figure 2, 
on the assumption that 8 fingers are provided for each 
call, there are 8N fingers provided. In the inventive ar- 
rangement of Figure 3 the number of fingers provided 
is such that M<8N. In a typical implementation, M=4N. 
That is, half the number of fingers compared to the prior 
art method. Even with this reduced number of fingers, 
the arrangement of Figure 3 still provides improved per- 
formance (at lower loads than the maximum in particu- 
lar). As the number of calls increases to the maximum 
(N), then the probability of getting extra fingers greater 
than the average allowed (e.g. 4) will reduce. The exact 
nature of this probability is a function of factors such as 
the channel type, vehicle speed and the environment. 
[0047] Referring to Figures 4(a) and 4(b) there is 
shown a possible implementation of the router/combiner 
1 64 of Figure 3. As illustrated in Figure 4(a) each of the 
signal outputs for each of the CEC units on lines 158 
crosses with a signal output for a particular call on the 
lines 50 in a connector unit generally designated by ref- 
erence numeral 90. 

[0048] In this simplified example, connections which 
are made from th£ signal outputs of each CEC unit 1 56 1 
to 156 M on lines 158! to 158 M to the signal output for a 
particular transmitter or caller on lines 50-, to 50 N are 
represented by a solid circle in each box 90. Thus sig- 
nals output from the various CEC units are provided as 
outputs associated with the appropriate caller. 
[0049] Although in Figure 4(a), and in Figure 3, it is 
shown that there is a distinct physical line 50 associated 
with each individual caller, there may in fact be a re- 
duced number of physical lines fewer in number than 
the actual number of callers supported by the system. 
The signals for each caller may then be time multiplexed 
onto such lines. Thus in the simplified example of Figure 
4(a) the lines 50 A to 50 N may be replaced by a fewer 
number of lines, and the information associated with the 
respective calls time multiplexed onto such lines. 
[0050] Figure 4(b) shows in some more detail an ex- 
ample implementation of the connector unit 90 for im- 
plementing the distribution bus according to the present 
invention. In practice, the implementation of the bus 
shown in Figure 4(a) will be well within the scope of a 
skilled person. 

[0051] Each connector unit 90 includes a summer 91 
and a multiplexor 98. The operation of the connector unit 
90 will be described with reference to a specific connec- 
tor unit at the junction of the line 1 58 M _ 2 with the line 50^ . 
The connector unit 90 receives as one input a signal on 
line 92a, which is the output of the connector unit directly 
vertically above it in the distribution bus. As the connec- 
tor unit 90 is the first such unit, then this input is con- 
nected to a termination point 1 02. The connector unit 90 
receives as a second input the signal on line 158 M _ 2 . 
The signals on lines 92a and 1 58 M „ 2 are added together 
in summer 91 , and presented on line 94 to the multiplex- 



or 98. The output of the multiplexor on line 100 forms 
the input on line 92b to the next vertically lower connec- 
tion unit in the distribution bus. 

[0052] In the next vertically lower connection unit no 

5 connection is to be made, and the input signal on line 
92b will be passed through the multiplexor directly onto 
the line 1 00. Control of the multiplexor 98 is via a control 
signal on line 168 generated by the control circuit 166. 
The control circuit 1 66 determines whether the input sig- 

10 nal on line 92a is added to the signal on line 158 M . 2 , or 
whether it is merely passed straight to the output. 
[0053] It will also be appreciated that the respective 
connector units 90 will be clocked so as signals are pre- 
sented on the output lines 50 with appropriate timing. 

is [0054] It should be noted that in the arrangement of 
Figure 2 there will be provided some acquisition and 
searching means for determining which signals are to 
be selected for a call and a tracking means to allow the 
processing in the processing unit 54 to be optimised. 

20 Such acquisition and searching means are not shown 
in Figure 2 as they are outside the scope of the present 
invention, and their implementation is well-known in the 
art. 

[0055] The advantage of this arrangement is that it 
25 pools resources to ensure minimum blocking probabili- 
ty. 

[0056] A significant disadvantage of the arrangement 
of the distribution bus as shown in Figure 2 is the need 
for a large distribution bus. The entire sampled base- 

30 band signal, in this example 12 sector antennas must 
be placed on this distribution bus 28. In previous sys- 
tems it was possible to distribute the analogue base- 
band signal. However, with 12 sector antennas, it is im- 
possible to make the 12 analogue signal available for 

35 each block 36. Too many cables and combiners are 
needed. It is therefore necessary for the digital sampled 
baseband signal to be distributed on the distribution bus 
28. 

[0057] The digital sampled baseband signal has to 
40 operate at such high speeds due to the bandwidth of 
next generation systems, and the number of sector an- 
tennas (i.e. signal sources), that the implementation of 
the distribution bus becomes extremely expensive in 
terms of signal rotating resources (e.g. back-planes, ca- 
45 bles, signal transmission devices). 

[0058] An improvement to the distribution bus ar- 
rangement of Figure 2 will now be described with refer- 
ence to Figure 5 by way of an example implementation 
for the scenario of Figure 1 (a). 
so [0059] Where an element shown in Figure 5 is the 
same as an element shown in Figure 2, like reference 
numerals are used. 

[0060] As described hereinabove with reference to 
Figure 2, the signal detected at each antenna 4 is pro- 
55 vided on a signal line 22 to the front-end processing cir- 
cuitry 20 in a particular sector. The front end processing 
circuitry provides on signal line 24 the processed re- 
ceived signal. 
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[0061] Each antenna 4 of a sector receives usable 
signals from a limited number of callers or transmitters 
P at any one time, which is less than the total number 
of transmitters N which can be supported by the whole 
system at any one time. 

[0062] In accordance with this preferred embodiment 
of the invention, the output of each one of the front-end 
processing circuits 20 is provided to a bank of rake re- 
ceivers. That is, each signal on line 24 is provided as an 
input to a bank of P rake receivers, each rake receiver 
being associated with a particular one of the P users 
which may be supported by the particular antenna 4. 
Each rake receiver includes a plurality of rake fingers, 
and in this example implementation, it is assumed that 
each rake receiver has eight rake fingers. 
[0063] Thus a bank of P rake receivers SO^.SOp are 
associated with each front-end processing circuitry 20. 
Therefore each sector in this example is provided with 
2P rake receivers, and in total in this example the sys- 
tem has 12P rake receivers. 

[0064] Each of the rake receivers 60 1 ..60 P generates 
on a respective output line a plurality (in this example 
eight) of signals 62 1 ..62 P to a bank of P CEC blocks 64, . . 
64 P . Each CEC block generates on a respective output 
line a plurality (in this example eight) of signals 66 1 ..66 P 
to a plurality of P combiners 68 V .68 P . Each combiner 
68 1 . .68 P combines the eight outputs from the respective 
CEC block to generate an output for a particular user. 
Thus the P combiners associated with each received 
signal generate P output signals on lines. 70^.70^ 
[0065] It should be noted that the functionality of the 
rake receivers in combination with the functionality of 
the channel estimation and correction perform demod- 
ulation of the received signals. That is the rake receivers 
de-spread the received signal, but the received signal 
is demodulated only after the channel estimation and 
correction step. 

[0066] Thus there is provided as inputs to the distri- 
bution bus 74 a set of P input signals from each channel, 
where each of the P input signals is associated with 
each of up to N callers or transmitters. 
[0067] It should be noted, however, that a further com- 
bining step could take place before the signals are input 
to the distribution bus. The pairs of outputs from the 
pairs of combiners in each sector could be combined to 
form a single set of P input signals from each sector rath- 
er than 2P input signals. Other improvements along sim- 
ilar lines for other possible system arrangements will be 
apparent to the skilled person (e.g. modifications for 
multiple antennas). 

[0068] The distribution bus operates, under the con- 
trol of the control circuit 80 via signal lines 82 as will be 
described further hereinafter, to connect the P input sig- 
nals from each channel to the appropriate one of the N 
signal lines 76 v . 76 N associated with each of the N call- 
ers on the output of the distribution bus 74. Each of the 
N signal lines associated with a respective caller forms 
an input to a respective processing circuitry block 78, 



which operates in a similar fashion to the processing cir- 
cuitry 52 of Figure 2 to further process a received call. 
[0069] The implementation of the distribution bus for 
distributing the P signals from each channel to the ap- 
s propriate processing circuitry for each of the N callers 
may vary. 

[0070] Referring to Figure 6, a first example imple- 
mentation of such a distribution bus is given. In Figure 
6 a much simplified implementation is assumed where 

10 there are three channels, each channel being capable 
of supporting three calls (P=3). In total the system can 
support five calls (N=5). As illustrated in Figure 6 each 
of the signal outputs for each of the channels on lines 
70 crosses with a signal output for a particular call on 

*s line 76 in a connector unit generally designated by ref- 
erence numeral 90. 

[0071] In this simplified example, connections which 
are made from the signal outputs of each channel on 
lines 70 to the signal output for a particular transmitter 
20 or caller on lines 76 are represented by a solid circle in 
the box 90. Thus signals received in the various chan- 
nels are provided as outputs associated with the appro- 
priate caller. 

[0072] The implementation of the connector units 90 
25 in Figure 6 will be similar to that shown in Figure 4(b), 
and further alternative implementations will be apparent 
to one skilled in the art. 

[0073] Although in Figure6, and in Figure 5, it is shown 
that there is a distinct physical line 76 associated with 

30 each individual caller, there may in fact be a reduced 
number of physical lines fewer in number than the actual 
number of callers supported by the system. The signals 
for each caller may then be time multiplexed onto such 
lines. Thus in the simplified example of Figure 6 the five 

35 lines 76, to 76 5 may be replaced by a single line, and 
the information associated with the respective five calls 
time multiplexed onto such line. 

[0074] It will also be appreciated, once again, that the 
respective connector units 90 will be clocked so as sig- 
^o nals are presented on the output lines 76 with appropri- 
ate timing. 

[0075] As will be appreciated, in a practical system the 
number of channels and the number of potential callers 
is large, and thus in the following an alternative imple- 

4 5 mentation of the distribution bus 74 is provided which 
seeks to provide an efficient utilisation of bus capacity. 
[0076] Referring to Figure 7, a second example im- 
plementation of a distribution as presented in Figure 5 
is given. This example implementation seeks to effi- 

50 ciently implement the distribution bus based on a statis- 
tical distribution of the received signals. That is to say, 
an assumption is made that the signal from a particular 
transmitter or caller will be strongest in a particular sec- 
tor, and weaker in others. For instance, referring to the 

55 arrangement of Figure 1 (a), initial searching and acqui- 
sition may detect that the received signal for a particular 
transmitter or caller is strongest in sector 3. An assump- 
tion may then be made that the signal will be weakest, 



BNSDOCID: <EP 1 158688A1 



11 



EP 1 158 688 A1 



12 



and possibly negligible, in the opposite sector, i.e. sector 
6. 

[0077] Thus on the basis that there are a large number 
of calls in the system, it is possible to allocate bus ca- 
pacity on a statistical basis. For example, it may be as- 
sumed that 30% of calls will reach those sectors adja- 
cent the sector with the strongest received signal, 1 0% 
of calls will reach the next adjacent sector, and 1% will 
reach the opposite sector. Thus where the strongest sig- 
nal is detected in sector 3, it is assumed that 30% of that 
call will reach sectors 2 and 4, 1 0% will reach sectors 1 
and 5, and 1% will reach sector 6. 
[0078] In all cases the sector which detects the 
strongest signal strength for a particular caller will be- 
come the 'master sector" for that caller. Thus at any one 
time each sector may be the 'master sector* in respect 
of a number of callers. The master sector receives all 
signals associated with calls for which it is master sector, 
and processes those calls. 

[0079] Here an example is used to clarify the opera- 
tion of the implementation. The example assumes 10 
calls having the strongest signal in sector 3. 
[0080] For those 1 0 calls determined strongest in sec- 
tor 3, sector 3 therefore becomes the 'master sector 1 . 
Signals associated with each of those ten calls detected 
in other sectors are then fed to sector 3 using the bi- 
directional bus. On the assumption that 30% of the 1 0 
calls will be detected in sectors 2 and 4, sectors 2 and 
4 each provide signals associated with 30% (i.e. three) 
of the ten calls. Similarly sectors 1 and 5 provide signals 
associated with 10% (i.e. one) of the ten calls. No sig- 
nals are provided from sector 6. 
[0081] In the example of Figure 7, it is assumed that 
the initial searching and acquisition determines that 10 
calls are strongest in sector 3. Of course other signals 
will be detected as strongest in other sectors, but for the 
purposes of a simplified illustrative example of the prin- 
ciple of the distribution bus in Figure 7 the details of the 
bus associated only with sector 3 as 'master sector* are 
shown. 

[0082] Thus, in sector 3, signals associated with all 
ten calls (generally termed call numbers 1 to 10 in this 
example) are provided on lines 70 1 to 70 10 . In sector 4 
calls associated with call numbers 1 , 2 and 3 are detect- 
ed and provided on lines 70^ to 70 3 . In sector 2 calls 
associated with call numbers 8, 9 and 10 are detected 
and provided on lines 70 1 to 70 3 . In sector 5 a call as- 
sociated with call number 3 is detected and provided on 
line 70.,. In sector 1 a call associated with call number 
8 is detected and provided on line 70 v 
[0083] The signals associated with calls 1 to 10 and 
detected in sectors 1 ,2,4 and 5 are provided to the mas- 
ter sector, sector 3, for processing. In a similar manner 
to the arrangement shown in Figure 6, each signal line 
70 from a sector crosses the bi-directional distribution 
bus 74, and a connection unit 90 is provided at each 
such crossing point, which connection unit is controlled 
by the control circuit 80. Referring to Figure 7, those con- 



nection units 90 in which a connection is made are rep- 
resented by a solid circle in the connection unit. 
[0084] Thus in this way the signals associated with 
each of callers 1 to 10 are presented for processing in 
5 sector 3. 

[0085] In order to build up a picture of the complete 
bus for ail calls processed by all sectors at any one time, 
the drawing of Figure 7 can be repeated for each sector 
as the 'master sector 1 . Combining all the master sectors, 
10 the result is a bi-directional bus around the entire base 
transceiver station. 

[0086] The bus bandwidth between sectors may be 
limited to less than that in the individual sectors. For ex- 
ample in this example the bi-directional busses connect- 
15 ing sectors may be 20% of the sector bus. This is par- 
ticularly useful in distributed base station systems where 
sectors, and their front end signal processing 72, are 
physically remote from each other (e.g. Figure 1(b)). 
The separation of the sectors may be from metres to 

20 kilometres. 

[0087] Additional bus lines 74a are shown in sector 3 
of Figure 7, these bus lines provide additional bandwidth 
for routing for local processing in the particular sector. 
[0088] In an alternative arrangement to that shown in 

25 Figure 5, the invention may be implemented with the 
rake receivers and CEC blocks physically separated 
from the combining blocks by the distribution bus. That 
is, referring to Figure 5, the outputs of the CEC blocks 
64 are presented to form the inputs to the distribution 

30 bus 74, and the combining blocks 68 are included in the 
circuitry at the output of the distribution bus. Such an 
arrangement still enables the rake receivers to be im- 
plemented at the front end, thereby avoiding the need 
to transfer the sampled RF signal of all channels to all 

35 baseband-processing units. 

[0089] One disadvantage of transferring symbols only 
is that the outputs of the rake fingers are potentially very 
bursty, since the relationship between the rake fingers 
and the combiners is constantly changing. The sectors 

^o that are receiving multi-path signals change as the mo- 
bile moves, altering data flow. Another disadvantage is 
that the busses and rake fingers must be dimensioned 
to cope with peak traffic instead of average traffic. 
[0090] When the control of the rake fingers and the 

45 combining is separated, a different bus configuration is 
required to send the appropriate symbol estimates from 
the rake fingers to the relevant baseband processing 
unit. The bus must be designed for peak data rates, 
which data rates may only occur for a small fraction of 

so the time that could be efficiently grouped together in a 
slot. 

[0091] It should be noted that in the above examples 
of Figures 5 to 7 the received signals are processed by 
the rake receivers and by the channel estimation and 
55 correction circuitry in succession on the same side of 
the bus, such that demodulation is carried out effectively 
in two successive steps on the same side of the bus. 
However, in certain implementations it may be possible 
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for the channel estimation and correction to be per- 
formed on the right hand side of the distribution with the 
rake receivers implemented on the left hand side of the 
distribution bus. However, the implementation de- 
scribed in the examples presented herein is the pre- 
ferred example. 

[0092] Thus Figures 5, 6 and 7 illustrate improve- 
ments to the distribution bus in the receiver of a spread- 
spectrum system which improve system performance. 
[0093] It will be appreciated by the skilled person that 
the present invention, discussed hereinabove with ref- 
erence to Figures 3 and 4, may also be introduced into 
the advantageous arrangements of Figures 5 to 7. Re- 
ferring, for example, to Figure 5 the two blocks of rake 
receivers 60 in each sector, each of which includes P 
rake fingers, may be pooled to provide a single bank of 
rake fingers which are allocated on demand. A similar 
number of CEC blocks for each finger in the rake bank 
would then need to be provided. 
[0094] That is the advantageous positioning of the 
distribution bus after demodulation, as shown in relation 
to various embodiments in Figures 5,6 and 7, may be 
further improved by the introduction of the dynamic al- 
location of rake fingers from a common bank of rake fin- 
gers as per the present invention. 
[0095] Further utilisation of the present invention in al- 
ternative system environments will be apparent to the 
skilled person. 



w 



step further comprises performing the step of chan- 
nel estimation and correction on the output of each 
rake finger. 

The method of claim 5 or claim 6 wherein the de- 
modulated received signals are routed for further 
processing associated with a particular transmitter. 

The method of any preceding claim wherein 
spread-spectrum signals are received in a plurality 
of channels, the method further comprising the step 
of routing the de-spread received signal in each 
channel for further processing. 



15 9. The method of claim 8 wherein the step of routing 
comprises combining the de-spread received signal 
in each channel with the de-spread received signals 
in other channels associated with the same trans- 
mitter. 

20 

10. The method of claim 8 or claim 9, in which each 
channel receives spread-spectrum signal asscoiat- 
ed with a plurality of transmitters, the step of de- 
spreading including combining those de-spread 

25 signals associated with the same transmitter. 

1 1 . The method of any preceding claim in which at least 
a plurality of channels are defined by a multi-sector 
receiver cell arrangement. 



30 



35 



Claims 

1 . A method of de-spreading signals in a spread-spec- 
trum communication system, comprising: providing 
a bank of rake fingers; and dynamically allocating 
at least one of the bank of rake fingers to de-spread 
a received signal. 

2. The method of claim 1 wherein the number of rake 
fingers dynamically allocated is determined by the 
number of multi-paths associated with the received 
signal. 

3. The method of claim 1 wherein a plurality of signals 
are received in different channels, wherein at least 
one of the bank of rake fingers is allocated to de- 
spread each received signal. 

4. The method of claim 3, wherein the number of rake 
fingers dynamically allocated for each received sig- so 
nal is determined by the number of multi-paths as- 
sociated with each respective received signal. 

5. The method of any one of claims 1 to 4 wherein the 
step of de-spreading each received signal is includ- 55 
ed in a demodulating step. 

6. The method of claim 5 wherein the demodulating 



12. The method of claim 8 wherein the routing step 
comprises routing the de-spread received signals 
in each channel associated with the same transmit- 
ter to a particular sector for further processing. 

13. The method of any preceding claim in which the 
step of de-spreading comprises generating a sam- 
pled baseband signal. 



14. A receiver in a spread-spectrum communication 
system comprising: a bank of rake fingers; and con- 
trol means for dynamically allocating at least one of 
the bank of rake fingers to de-spread a received sig- 
nal. 

45 

15. The receiver of claim 14 wherein the control means 
allocates rake fingers dynamically in accordance 
with the number of multi-paths associated with the 
received signal. 



16. The receiver of claim 14 wherein the receiver in- 
cludes input means for receiving a plurality of sig- 
nals in different channels, wherein at least one of 
the bank of rake fingers is allocated to de-spread 
each received signal. 

17. The receiver of claim 16, wherein the number of 
rake fingers dynamically allocated for each re- 
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ceived signal is determined by the control means in 
dependence on the number of multi-paths associ- 
ated with each received signal. 

18. The receiver of any one of claims 14 to 1 7 wherein 5 
the bank of rake fingers are included in a demodu- 
lating means. 

19. The receiver of claim 18 wherein the demodulating 
means further comprises a channel estimation and 10 
correction means associated with each rake finger. 

20. The receiver of claim 1 8 or claim 1 9 further com- 
prising routing means for routing the demodulated 
received signals to a processor associated with a « 
particular transmitter. 

21. The receiver of any one of claims 14 to 20 further 
comprising input circuitry for receiving spread- 
spectrum signals in a plurality of channels; and rout- 20 
ing means for routing the de-spread received signal 

in each channel to further processing circuitry. 

22. The spread-spectrum communication system of 
any one of claims 1 4 to 21 in which the de-spreading 25 
circuitry further includes combining means for com- 
bining those de-spread received signals received in 
the same channel and associated with the same 
transmitter. 

30 

23. The spread-spectrum system of any one of claims 
20 to 22 which comprises a multi-sector receiver 
cell arrangement, wherein further processing cir- 
cuitry is provided in each sector, the routing means 
being adapted to route all de-spread received sig- 35 
nals associated with the same transmitter to the fur- 
ther processing circuitry in one particular sector. 



40 
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FIG. 4(b) 




FIG. 6 
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